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1. Introduction 



Titanium diboride (TiB2) is well known as a ceramic 
material with relatively high strength and durability as 
characterized by the relatively high values of its melting 
point, hardness, strength to density ratio, and wear 
resistance [1]. Current use of this material, however, 
appears to be limited to specialized applications in such 
areas as impact resistant armor, cutting tools, crucibles, 
and wear resistant coatings. An important evolving 
application is the use of TiB2 cathodes in the electro- 
chemical reduction of alumina to aluminum metal. 
Other applications may develop rapidly if the electrical 
discharge machining of TiBa can be perfected. Broader 
application of this material may be inhibited by 
economic factors, particularly the cost of densifying a 
material with a high melting point, and concerns about 
the variability of the material properties. The present 



paper addresses the latter issue by examining the 
physical, mechanical, and thermal properties of TiB2 as 
a function of density and grain size. 

This work extends the approach to data evaluation 
begun in previous studies on alumina [2] and silicon 
carbide [3]. The latter studies had a significant 
advantage over the present one, namely that the process- 
ing procedures were sufficiently well refined that batch 
to batch variations in the properties could be relatively 
small. For titanium diboride, the processing procedures 
do not seem to be as highly refined, and consequently, 
one must anticipate greater batch to batch variability. 
Therefore, it is all the more important to have a coherent 
view of the properties of TiB2 and their dependence on 
microstructure. The present work constructs such a view 
in the context of trends of property values. 
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The bane of all ceramic materials is that a particular 
measured property value for a particular specimen 
may depend on a particular feature of the particular 
microstructure of that particular specimen. In the 
absence of tightly controlled processing procedures, the 
best that one can do as a means of generically character- 
izing such a material is to establish trends of values that 
occur in correlation with changes in the microstructure 
and composition. Given such trends, it should then be 
possible to interpolate to a set of property values for a 
single constrained composition and microstructure such 
that the set is consistent both with respect to the trends 
and with respect to known mutual property relations. 
Fortunately, the trend of the value of a property across 
a range of microstructures depends on the statistical 
characterization of the microstructure. Therefore, the 
trend of a property value may have a discernable corre- 
lation with one or more statistics of the microstructure, 
such as mean grain size, mean pore size, or bulk density. 
This approach is applied here to the properties of TiB2. 

2, Material Description 




Fig. 1. The hexagonal unit cell of single crystal TiBa, space group 
P6/mmm, a = bi^c,a = fi = 90°, y = 1 20 °, 1 formula unit per cell, Ti 
at (0,0,0), B at (1/3,2/3,1/2) and (2/3,1/3,1/2). 



Single crystal TiB2 exhibits hexagonal symmetry. 
Fig. 1 with space group P6/mmm. The lattice para- 
meters [4-7], Fig. 2, have a slight quadratic dependence 
on the temperature which accounts for the linear 
temperature dependence of the coefficient of thermal 
expansion. The ratio c/a ranges from (1.066 ±0.001) at 
25 °C to (1.070 ±0.001) at 1500 °C. Individually, the 
lattice parameters may be expressed as 

fl/A=3.0236H-1.73X I0"'(r/K)+3.76X 10"''(r/K)" (I) 

c/A=3.2204-h2.73 X 10-'(77K)h-3.95 X 10-''(7yK)' (2) 

where 293 K<r< 2000 K, and the relative standard 
uncertainties [8] u^ia) = 0.03 % and Ur{c) = 0.04 % are 
estimated from the variances of the least-squares fits. 
Using the molar mass M = 69.522 g/mol and the volume 
of the hexagonal unit cell V = (3/4) 
Pxtai of the single crystal can be calculated as 



"^ fl^c, the density 



Pxtal — 



Mz 




500 1000 1500 
Temperature (°C) 



2000 



(3) 



Fig. 2. Lattice parameters a and c of single crystal TiBi as a function 
of temperature. 



where z = 1 is the number of formula units per unit cell, 
and A^A is the Avogadro constant. At 20 °C, 
Pxtal = (4.500 ± 0.0032) g/cm\ The relative standard 
uncertainty Mr(Pxtai) is calculated as a propagation of 
uncertainty from the measured values of a and c ; viz. 

Mr(Px,ai)^ = uAVy = Au,(af+u,(cf = 5.2 X 10"'. 



Nearly fully dense polycrystalline TiB2 can be pro- 
duced by a variety of processing methods, including 
sintering [9-13], hot pressing [14], hot isostatic pressing 
[10,11,15,16], microwave sintering [17], and dynamic 
compaction [18]. The relatively strong covalent bonding 
of the constituents, however, results in low selfdiffusion 
rates. Consequently, given also a high melting point of 
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(3225±20)°C [19-21], pressureless sintering of TiBj 
requires a relatively high sintering temperature, on the 
order of 2000 °C. Unfortunately, grain growth is also 
accelerated by the higher temperature, and the 
anisotropy of the hexagonal grain structure results in 
deleterious internal stresses and the onset of sponta- 
neous microcracking during cooling. Grain growth can 
be limited and densification enhanced by the use of 
sintering aids such as Cr, CrB2, C, Ni, NiB, and Fe. The 
solubility of TiB2 in liquid Ni and Fe appears to be 
especially useful in this regard. In such cases, the mass 
fraction of the sintering aid in the specimen may range 
from 1 % to 10 %, while the sintering temperature may 
be reduced to the range of 1700 °C to 1 800 °C for sinter- 
ing times on the order of 1 h. Successful hot pressing 
with Ni additives can be achieved with a hot pressing 
temperature as low as 1425 °C with a sintering time of 
2h to 8h [14]. When sintering aids are used in the 
composition, the theoretical maximum density, p,hco, can 
be different from the density of the pure crystal, pxtai, 
because of the differing mass density of the sintering 
aid and the influence of the sintering aid on the lattice 
parameters. 

3. IVIechanical and Thermal Properties 

The diversity of the processing conditions is a signif- 
icant factor in the often widely varying property values 
reported in the literature for polycrystalline TiB2. In this 
section, the availiable mechanical and thermal proper- 
ties are examined with the intent of providing a better 
understanding of how the properties depend on the com- 
position, grain size, and density of the material. 

3.1 Elastic Moduli 

For isotropic polycrystalline materials, the elastic 
properties may be expressed in terms of two indepen- 
dent moduli, the elastic modulus E and the shear 
modulus G. Values of £ [18, 22-26] determined at room 
temperature by ultrasonic velocity and resonance 
methods for various grain sizes and densities fall 
roughly into two groups that are distinguished by 
density, but which have little perceptible dependence on 
grain size. This observation is consistent with numerous 
models that consider elastic properties to vary princi- 
pally as a function of porosity. Over a large range of 
porosity (as much as 50 %), the dependence is well 
described by an exponential model [27], E = E^t^'"'', 
although for lower degrees of densification the modulus 
decreases more rapidly [28]. In this expression, E^ and b 
are parameters, and 4> is the volume fraction of porosity. 
For a wide variety of ceramics [29], Z;~4.1±1.8. 
Hence, for porosity that is less than about 10 %, 



expanding the exponential to first order in yields 
E ~ E^' + b' p using 4> = 1-p/pthco for total porosity and 
setting Es' = Es(l-b) and b' = E^b/ptb^o- Consequently, 
it can be expected that the elastic modulus will be linear 
in the measured density. 

Neglecting any effect of the grain size in this case. 
Figs. 3 and 4 [14,18, 22-25, 30-33] show, respectively, 
that E has a significant dependence on both the density 
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Fig. 3. The elastic modulus of TiB2 at room temperature as a function 
of density. 
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constant density. 
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and the chemical composition. A higher mass fraction of 
TiB2 in the specimen yields a higher value of £". When 
the mass fraction of TiB2 in the specimen exceeds 90 %, 
the value of the elastic modulus appears to converge to 
565 GPa at 23 °C as the density increases towards 4.5 g/ 
cml At higher temperature Tthe value of £ decreases as 
in Fig. 5 [22, 26, 30, 34-35], i.e., d£'/dr< 0. While the 
value of E varies significantly with density and compo- 
sition, the slope of E vs T is nearly constant with the 
mean value being d£/dr= -(0.032 ±0.015) GPa/K for 
temperatures less than 1000 °C. Consequently, for fully 
dense TiB2, 



Poisson's ratio (v) and the bulk modulus (B) can be 
calculated using the well known relations 



2G 



E- G 

3{3G-E) 



(6) 

(7) 



which yield v = 0.11 ±0.08 and B = (240 ±57) GPa for 
fully dense TiB2 at room temperature. 



E = Eo+idE/dT) (T-To) 



(4) 



where 296K=s:r=S 1273K, £'o=565GPa, ro=296K, 
and Ur(E)=5%. 

The shear modulus, shown in Fig. 5 [26, 30-31] for 
two different densities, also varies linearly from room 
temperature to 1000 °C with the average slope being 
dG/dr= -(0.015 ±0.002) GPa/K. Hence, for fully 
dense TiB2, 



G = Go + (dG/dT)(T-To) , 



(5) 



where 296Ks:rs=1273K, Go=255GPa, ro=296K, 
and M,(G)=5%. 



3.2 Strength 

Proceeding from the results of the previous sub- 
section, let us restrict our attention for the moment to 
specimens with a density of (4.50 ± 0.05) g/cm^^ and 
consider the flexural strength o"f of the material. A 
significant dependence on the grain size is readily seen 
in the results at room temperature shown in Fig. 6 [14, 
22-24, 34, 36-37]. While this figure contains a mixture 
of data from three-point and four-point test methods 
using differing specimen sizes and crosshead speeds, 
the comparison clearly suggests that the strength af 
decreases as the grain size increases. This result is at 
least consistent with reports that specimens prepared 
with grain size g > 15 jjim exhibit spontaneous microc- 
racking [14, 34, 38] in the microstructure which would 
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Fig. 5. The temperature dependence of the elastic and shear moduli 
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Fig. 6. Flexural strength o-f of TiBi at room temperature as a function 
of grain size for a fixed density. The dashed line is a least-squares fit. 
Error bars are the reported standard deviations. 
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tend to reduce the strength of the material. At elevated 
temperature, the slope of o"f with respect to T, Fig. 7 [22, 
34, 36], appears to be nearly constant for temperature 
less than 1500 °C and does not depend significantly on 
density, grain size, or test method. The average value 
of the slope is (ScTf/ar) = (0.06 ±0.02) MPa/K. Two 
effects have been suggested for the increase of strength 
with temperature. Strength may increase as a result of 
the relaxation of residual internal stresses produced in 
the specimens by the anisotropic thermal expansion of 
the microcrystalline constituent particles [34]. Crack 
healing due to oxidation and the formation of B2O3 may 
also contribute to this behavior for temperature up 
to about 1000 °C, but room temperature strengths of 
specimens oxidized at higher temperatures appear to be 
diminished by oxidation [36]. 



500 




500 1000 1500 2000 2500 3000 
Temperature (°C) 



Fig. 7. The temperature dependence of the flexural strength of TiB2 
in three-point bending for various densities and grain sizes. The lines 
are least-squares fits for temperature less than 1500 "C. Error bars are 
the reported standard deviations. 



In general, the fracture strength of a brittle material is 
limited by microstructural inhomgeneities, commonly 
called flaws. Every batch of brittle specimens has a 
distribution of flaw sizes which results in a distribution 
of measured strength values. For most structural ceram- 
ics, the Weibull distribution with two parameters pro- 
vides an adequate description of the strength distribu- 
tion. In this distribution, the Weibull modulus parameter 
m provides an indication of the uniformity of the 
strength among the specimens. Higher values of m im- 



ply a narrower distribution of strengths. Reliable deter- 
minations of the Weibull modulus, however, require 
the fracture of a relatively large number of specimens, at 
least 30 specimens according to the ASTM (American 
Society for Testing and Materials) standard test method 
C 1161 [39]. For TiB2, results for this number of spec- 
imens have rarely been reported in the current literature. 
The three values that may be cited here have significant 
differences: m=\\ for a sintered material [24] with 
p = 4.55 g/cm' and g = 8 |xm; m = 29 for a hot pressed 
material [24] with p = 4.51 g/crn^ and g = 10 (Jtm; and 
m = 8 for a hot pressed material [37] with p = 4.48 g/ 
cm^ and g = 15 jjim. 

Like most structural ceramics, TiB2 is considerably 
stronger under compression than in flexure or tension. 
The quantity of available data is very limited, and no two 
results were obtained by the same method. With that 
caution, it appears, at room temperature, that the depen- 
dence of compressive strength a^ on density is approxi- 
mately linear, ranging [18, 22] from 1.1 GPa at 3.8 g/ 
cm^ to 1.8 GPa at 4.5 g/cm\ when the grain size is 
(18±3)jjLm. There also appears to be a significant 
dependence on the grain size, but the data set is limited 
to only one additional value [24], 5.7 GPa for a density 
of 4.51 g/cm^ and a grain size of 10 ixm. 

3.3 Fracture Toughness 

A clearer indication of the role of grain size in the 
optimization of the mechancial properties of TiB2 is 
provided by the fracture toughness as measured by the 
mode I critical stress intensity factor ^ic. For fully dense 
specimens at room temperature, having a mass fraction 
of TiB2 3= 98 %, Fig. 8 [10, 14-16, 23-25, 32, 34,37, 
40-42], ^ic appears to have a maximum value for a mean 
grain size in the range 5 jjim ^ g ^ 12 jjtm. The values 
in Fig. 8 may be influenced by three potentially signifi- 
cant factors: grain size, measurement method, and 
chemical impurity content. A statistical factor analysis 
of these data indicates that 75 % of the variability from 
the mean may be attributed to the variation of the mean 
grain size. The role of residual Ni impurities was 
considered explicitly in Ref. [14] and Ref. [23] where, 
neglecting the influence of grain size, it appeared that 
toughness increased with Ni content. However, taking 
into account the effect of grain size, the principal 
influence is seen to be microstructural rather than 
chemical. Combining this result with the observation in 
Fig. 6 that g < 10 |xm is needed to optimize cr,, the 
optimum grain size for TiB2 should be in the range 
5 jjtm ss g =S 1 (Jim . At the optimum, Ki^ = 
(6.2±0.5)MPa-m"l 
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Fig. 9. Hardness of TiBi at room temperature as a function of inden- 
tation load for a fixed density. 



3.4 Hardness 

Given the manner in which strength and toughness 
depend on density and grain size, it might be expected 
that the plastic deformation of the material under inden- 
tation would also exhibit a dependence on density and 
grain size. It is somewhat surprising, therefore, that a 
cursory examination of the data for the Vickers hardness 
[43] 



H„= 1.8544 -^72 



P^ 

d' 



(8) 



of TiB2 has no immediately perceptible dependence on 
either density or grain size [10, 14, 15, 17, 42, 44]. P is 
the applied load and d is the length of the diagonal of the 
indentation impression. However, there is a significant 
scatter in the data that appears to be principally a conse- 
quence of measurement differences, particularly the use 
of different indentation loads, as shown in Fig. 9. The 
data in Fig. 9 are consistent with the indentation size 
effect [45] according to which the size of the diagonal 
length of the indentation impression is related to the 
applied load; this relation is often assumed to be in the 
form of the Meyer law [46, 47] which is expressed as 



P= ^d"" 



(9) 



where ^ and 17 are parameters. Using a least-squares fit 
to the data in Fig. 9, it is easily found that H « pc's^ 



which corresponds to 17 = 1.85. Consequently, to assess 
density and grain size effects on hardness, we must 
simultaneously resolve the load dependence of the 
observed values. 

To evaluate the simultaneous effects of density, grain 
size, and load, let us consider an empirical expression 



H=h. 



Po 



Po) ' 



(10) 



where the /j, are adjustable parameters, and po, go,, and 
Po are scale factors to make hi, h2, and h^ dimensionless. 
Applying Eq. (10) to the room temperature data, taking 
Po = 4.5 g/cm^ go = 10 (Jtm, and Po = 10 N, yields 
/jo = 23GPa, /ji=-4.1, /j2 = -0.034, and /jj = -0.072, 
and the resulting fit has a relative uncertainty in the 
value of H of only 9 %. 

With the precaution that the value of // depends on p, 
g, and P, the temperature dependence of the hardness 
[14] is shown in Fig. 10 for a load of 5.65 N and two 
conditions of density and grain size. As is often found 
for structural ceramics, H^/ has an exponential depen- 
dence on temperature. 



H^ = Hoexp[-(T-To)/T], 



(11) 



where Ho, Tq, and r are parameters. Taking Tq = 296 K, 
the value of t can be found from Fig. 10 to be t = 580 K. 
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Using Eq. (10), the best estimate for Ho with p = 4.5 g/ 
cm^ g=lO iJim, and P = 5 N is //o = (24 ±2) GPa. 

3.5 Creep 

Deformation of a polycrystalhne ceramic under 
sustained loading at high temperature produces creep, 
i.e., a strain that increases monotonically with time. A 
plot of strain vs time typically has three distinguishable 
regions denoted, respectively, as primary, secondary, 
and tertiary creep. While numerous mechanisms 
capable of producing creep have been identified [48], 
the principal mechanisms for creep in polycrystalline 
ceramics of high purity are thought to be solid state 
diffusional mechanisms. The secondary (also called 
steady-state) creep rate, de/df , for diffusional [49] and 
dislocation [50] mechanisms is often expressed in the 
form of the Norton model [51] 



de 

dt '' 



■■A(a/aorexp[-Q/RT], 



(12) 



where the amplitude factor A , the stress exponent n , and 
the apparent activation energy Q are adjustable para- 
meters, o"() is a fixed scale factor that may be taken to be 
1 MPa, and R = 8.31451 J mol ' K ' is the molar gas 
constant. This model is valid for specimens with a 
constant grain size if log(de/dO is linearly proportional 
to 1/r and if the plots for various fixed values of the 
applied stress a are parallel. These conditions are satis- 
fied approximately by the flexural creep data of TiB2 



[22] as seen in Fig. 11. Applying Eq. (12) to these data, 
the parameters may be evaluated as A = 4.806 X 10 '^ s ', 
n = 2.3, and Q = 426 kJ/mol for p = 4.29g/cm' and 
g = 18 ixm. With these parameters, the relative standard 
uncertainty of log(de/df ) is 20 % based on the statistical 
standard deviation of the fit. 
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3.6 Friction and Wear 

Currently, one of the major uses of TiB2 is as a wear 
resistant material. For such applications, the friction and 
wear characteristics represent limiting benchmarks on 
the performance and durability of the material. In 
general, these characteristics are system properties, 
rather than material properties, and are functions of the 
temperature and loading conditions, the atmospheric 
and lubricating environments, the topological character- 
istics, and the relative sliding speed of the interacting 
surfaces [52]. However, in assessing the potential 
relative performance of materials in tribological appli- 
cations, it is useful to know the friction and wear 
behavior of one specimen of the material sliding against 
another specimen of the same material in the absence of 
lubricating substances. 

Even under such restricted conditions, the wear 
behavior of TiB2 is complicated by its interaction with 
oxygen in the atmosphere. Results from a ring on block 
test of the wear of TiB2 are shown in Fig. 12 [53] for a 
density of 4.32 g/cm^^ and a grain size of 2 (jtm. For 
temperature less than 600 °C, the amount of material 
removed during the test increases with increasing 
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Fig. 12. Wear results for TiB2 from a ring on block test as a function 
of temperature for various sliding distances with fixed values of the 
density, grain size, sliding speed, and applied load. 



sliding distance, but decreases with increasing tempera- 
ture. For temperature greater than 600 °C, the speci- 
mens gain mass with the amount of mass gain increas- 
ing with increasing sliding distance. The decrease of 
mass loss and the occurence of mass gain appear to be 
the result of the formation of B2O3 in the wear track of 
the specimens. 

The coefficient of friction [53, 54], Fig. 13, varies 
somewhat with temperature with an apparent minimum 
occurring for temperatures near 800 °C. The quantita- 
tive differences between the results of the two refer- 
ences are probably the result of different operating con- 
ditions in the two ring on block experiments. The 
coefficient of friction appears to have a power law de- 
pendence on the ratio of the sliding speed Vs and the 
contact stress Pc, as seen in Fig. 14. At 800 °C, the 
friction coefficient has a value of about 0.2 when vj 
Pc ~ 0.06. In Ref. [54], the contact stresses were not 
reported, but the load was in the range of 0.25 N to 
29.4 N (25 g to 3 kg). Hence, for the reported specimen 
dimensions, the apparent contact stress was in the range 
1.4 kPa to 0.17 MPa, indicating that vJPc was in the 
range (0.36 to 0.003) m • s ' • MPa ', which is consis- 
tent with Fig. 14, though not conclusive. From Fig. 14, 
for vJPc = 0.2 m ■ s ' • MPa ', the coefficient of fric- 
tion may be taken to be 0.8 ±0.1 for temperature less 
than or equal to 400 °C and 0.4 ±0.1 for temperature in 
the range 800 °C to 1000 °C. 



Fig. 13. Coefficient of friction of TiB2 from ring on block tests for 
sliding speeds of 0.2 m/s (filled symbols, p = 4.32 g/cm^ g = 2 \i.m 
[53]) and 0.0005 m/s (open symbols, density and contact stress are 
unknown, g = 0.7 jjum [54]). 
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Fig. 14. Dependence of the coefficient of friction of TiB2 on the ratio 
of sliding speed and contact stress at various temperatures. 



A further characteristic of the wear process is pro- 
vided by the dimensionless wear coefficient [55] 



Kv/ — 



VwH 



(13) 
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where V„ is the wear volume, H is hardness, F„ is the 
normal force acting between the surfaces, and D^ is the 
total sliding distance. For TiBa at room temperature, 

^w = (17±4)XlO-^ 

3.7 Specific Heat 

There are several thermal properties that are impor- 
tant to most applications of ceramics at high tempera- 
ture. The first of these is the specific heat, i.e., the 
amount of energy absorbed per unit mass to increase the 
temperature of the material by 1 K. For specimens with 
relatively high purity and density, this quantity is rather 
insensitive to variations in grain size or the presence of 
the small amounts of impurities. As shown in Fig. 15 
[33, 56], the specific heat of TiB2 increases monotoni- 
cally with increasing temperature. The rapid rise at low 



1600 



Cp-Cv = Tp-' B ai ., 



(15) 
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Fig. 15. Specific heat Cp of TiB2 as a function of temperature. The 
solid curve is the fit of Eq. (14). The dashed curve is Cv calculated 
from Eq. (15). 



temperature and the linear variation at high temperature 
is readily fit by an interpolation formula of the form 

C„ = CoH-c,(r/K-273)H-C2exp[-C3(77K-273)] , (14) 

where Cp is the specific heat at constant pressure, and 
the parameters are C()=976J/(kgK), Ci=0.21J/(kgK), 
C2=-426J/(kgK), and C3=0.008 for 293 K=s:r=s: 2273 K. 
The relative standard uncertainty of the specific heat 
when these parameters are used with Eq. (6) is 1.5 % 
when the estimate of uncertainty is based on the 
standard deviation of the fit. Also shown in Fig. 15 is 
the specific heat at constant volume Cv which may be 
calculated from the thermodynamic relation 



where ay is the mean volumetric coefficient of thermal 
expansion (GTE). For isotropic materials, ay = 3 «„,, 
where a^ is the mean linear GTE (Table 1, footnote h). 

3.8 Thermal Transport 

The transport of heat energy through the solid body 
of the material is described by two properties, thermal 
diffusivity D and thermal conductivity k. Thermal 
diffusivity pertains to transient heat flow, while thermal 
conductivity pertains to steady state heat flow. The two 
properties are related such that 



K = pCpD , 



(16) 



where p and C,, are the density and specific heat, 
respectively. 

Data on the thermal transport properties of TiB2 are 
very scarce. Thermal diffusivity data [14] obtained 
using the laser flash technique are shown in Fig. 16 
(open symbols) for two batches of TiB2. The higher 
density material with the smaller grain size also has a 
small nickel impurity (mass fraction of 0.43 %) which 
is not present in the other material. While it may be 
anticipated that these various factors may influence the 
diffusivity, there is insufficient data to discern any 
distinct effects at present. The diffusivity data can be 
converted to thermal conductivity data (filled symbols), 
using the results already given for density and specific 
heat. For each of these thermal transport properties, it is 
convenient to represent the values of the properties by 
an interpolation formula. For thermal diffusivity, 



D = D„+ 



Z)iexp[-D2(r/K-273)] 
Z)3+(77K-273) 



(17) 



where the D, are adjustable parameters. The dashed 
curve in Fig. 16 is given by Eq. (17) when 
A) = 0.145cmVs, Di=91.7cmVs, Dj = 0.00279, and 
D3 = 530. For thermal conductivity. 



Ko + 



Kiexp[-K2(r/K-273)] 
K3H-(7yK-273) 



(18) 



where the k, are adjustable parameters. The solid 
curve in Fig. 16 is given by Eq. (18) when 
Ko = 77.3 W • m' • K-', k, = 8270 W • m' • K' 
/<2 = 0.002, and k:3 = 410. With these parameters, the 
relative standard uncertainty in the value of either D or 
K is 6 % in the temperature range 293 K<7'< 1473 K. 
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Table 1. Mutually consistent trend values for properties of polycrystalline TiBa deduced from the collection of observed particular values for 
specimens having mass fraction of TiB2 3= 98 %, p = (4.5 ±0.1) g/cm' and g = (9±1) (im, except as noted 
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Fig. 16. Thermal diffusivity D and thermal conductivity k of TiB2 as 
a function of temperature. The dashed and solid curves are the fits of 
Eq. (17) and Eq. (18) respectively. 



4, Conclusion 

At the present time, there is no de facto production 
standard for TiB2, and consequently the variabihty 
of property values among different batches can be 
expected to be significant. However, trends in property 
values are related to the statistics of the microstructure, 
and that relation can be exploited to determine a con- 
sistent set of trend values for the properties of TiB2. 
Such trend values have been determined in the present 
work, Table 1, focusing on a particular density, p = 
(4.5±0.1) g/cm^ and mean grain size, g = (9±1) (Jtm, 
as a function of temperature. 
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